Background: Gated myocardial perfusion single-photon emission computed tomography (SPECT) has been used to evaluate quantitative cardiac functional parameters using a dedicated software program. The aim of this study was to measure normal values of left ventricular (LV) functional parameters for a cardioREPO software
of this study was to measure normal mean values of LV volume, diastolic function, and phase histogram parameters, and to evaluate gender differences in these parameters.
Methods
The Japanese normal database generated by the Japanese Society of Nuclear Medicine working group (JSNM-WG) in 2012 was used (1, 7, 8) . A total of 206 sets of GMPS images were accumulated from patients with a low likelihood of cardiac diseases. These were retrospectively collected from eight hospitals in Japan. All patients underwent stress-rest 99m Tc-sestamibi (MIBI) or 99m Tc-tetrofosmin (TF) GMPS testing with a standard dose of 555-1110 MBq. The patient selection criteria for generating the normal database has been summarized elsewhere (7, 8) . The patient characteristics are shown in Table 1 . The ethics committee in Kanazawa University hospital approved patient enrollment for JSNM-WG activity, and then the ethics committees in all hospitals also approved this study. MFR, TTPF, and TTPF/RR interval), and phase parameters (95% phase bandwidth, phase standard deviation (SD), and entropy). The cREPO has a small-heart compensation algorithm fitted for Japanese population−particularly for some of the female patients (6).
After outliers were excluded using Tukey outlier detection method (9) , all values were expressed as mean±SD. The differences in continuous variables were analyzed using the Student's t-test. All statistical tests were two-tailed; p values < 0.05 were considered significant. These analyses were performed using the JMP version 11.2.1 (SAS Institute Inc., Cary, NC, USA) software.
Results
Normal values for cardiac functional parameters are shown in 1.30/sec, p=0.0003).
There were significant gender differences in 95% bandwidth (42. 9°for males vs. 36. 8°for females), phase SD (10.6°vs. 9.2°), and entropy (45.6% vs. 41.1%) in Table 2 .
The normal mean and upper limit of phase histogram distribution were consistently higher in males than in females 
Discussion
Using the JSNM-WG normal database, we measured mean values for the normal LV volumes, diastolic parameters, and phase parameters derived from the cREPO software program.
Nakajima et al. have already reported normal values derived from the quantitative gated SPECT (QGS) program (8).
Although the normal ranges of diastolic parameters by cREPO were equivalent to those by QGS, the normal ranges of EDV and ESV showed higher values in cREPO. Moreover, the upper limits of phase parameters by cREPO were higher than those by QGS. The calculation algorithm for gated SA myocardial perfusion images might cause these differences.
The cREPO program has a unique feature of LV delineation for small heart (5,6). The LV contour is automatically detected The cREPO program can avoid the underestimation of LV EDV and ESV using both the active shape model and LV volume compensation method even in the patients with a small heart. Female Asian patients frequently have a small heart (ESV ≤ 20 mL) in GMPS testing, and thus 24% and 41% of the female patients in this study were determined to have a small heart by cREPO and QGS, respectively. With regard to the male patients with ESV ≤ 20 mL, 6% and 12% of the male patients were also determined to have a small heart by cREPO and QGS, respectively. The cREPO program might be superior to QGS in LV volume calculation for patients with a small heart. Furthermore, cREPO is helpful in assessing pediatric LV volume (10).
The JSNM-WG normal database consists of GMPS images derived from both 180°and 360°SPECT image acquisitions (n=93, 113, respectively). However, the excellent correlation and agreement between 180°and 360°SPECT acquisitions have been reported in LVEF and EDV measurements (11) .
Different SPECT acquisition conditions would not affect LV diastolic function and phase distribution. We have measured normal LV functional parameters, and thus clinical validation would be required using these normal LV parameters.
- 
Conclusions
Normal mean values of cardiac functional parameters were determined by using the cREPO software program. Gender differences in these parameters were clearly exhibited, and the normal ranges were different in male and female patients. 
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